Abstract. A locating-dominating set of a graph G is a dominating set of G such that every vertex of G outside the dominating set is uniquely identified by its neighborhood within the dominating set. The location-domination number of G is the minimum cardinality of a locating-dominating set in G. Let G 1 and G 2 be the disjoint copies of a graph G and f :
Introduction
Locating-dominating sets were introduced by Slater [23, 25] . The initial application of locating-dominating sets was fault-diagnosis in the maintenance of multiprocessor systems [19] . The purpose of fault detection is to test the system and locate the faulty processors. Locating-dominating sets have since been extended and applied. The decision problem for locating-dominating sets for directed graphs has been shown to be an NP-complete problem [5] . A considerable literature has been developed in this field (see [2, 6, 9, 15, 17, 22, 23, 24] ). In [4] , it was pointed out that each locating-dominating set is both locating and dominating set. However, a set that is both locating and dominating is not necessarily a locating-dominating set.
We use G to denote a connected graph with the vertex set V (G) and the edge set E(G). The degree of a vertex v in G, denoted by deg (v) , is the number of edges to which v belongs. The open neighborhood of a vertex u of G is N(u) = {v ∈ V (G) : uv ∈ E(G)} and the closed neighborhood The functigraph has its foundations back in the idea of permutation graph [7] and mapping graph [10] . A permutation graph of a graph G with n vertices consists of two disjoint identical copies of G along with n additional edges between the two copies according to a given permutation on n points. In a mapping graph, the additional n edges between the two copies are defined according to a given function between the vertices of the two copies. The mapping graph was rediscovered and studied by Chen et al. [8] , where it was called the functigraph. Thus, a functigraph is the generalized form of permutation graph in which the function f need not necessarily a permutation. In the recent past, a number of graph variants were studied for functigraphs. Eroh et al. [12] studied that how metric dimension behaves in passing from a graph to its functigraph and investigated the metric dimension of functigraphs on complete graphs and on cycles. Eroh et al. [11] investigated the domination number of functigraph of cycles in great detail, the functions which achieve the upper and lower bounds. Qi et al. [16, 21] investigated the bounds of chromatic number of functigraph. Kang et al. [18] investigated the zero forcing number of functigraphs on complete graphs, on cycles, and on paths. Fazil et al. [13, 14] have studied fixing number and distinguishing number of functigraphs. The aim of this paper is to study the variation of location-domination number in passing from a graph to its functigraph and to find its sharp lower and upper bounds.
Formally, a functigraph is defined as: Let G 1 and G 2 be the disjoint copies of a connected graph G and let f :
Unless otherwise specified, all the graphs G considered in this paper are simple, non-trivial and connected. Throughout the paper, we will denote This paper is organized as follows. Section 2 gives the sharp lower and upper bounds for the location-domination number of functigraphs. This section also establishes the connection between the location-domination number of graphs and their corresponding functigraphs in the form of realizable result. Section 3 provides the location-domination number of functigraphs of the complete graphs for all possible definitions of the function f . In Section 4, we investigate the location-domination number of the functigraph of a family of spanning subgraphs of the complete graphs for all possible definitions of constant function f .
Some basic results and bounds
By the definitions of twin vertices and twin-set, we have the following straightforward result:
.., u n−2 } and {v 1 , ..., v n−2 } from each of these twin sets. We claim that L D contains at least two vertices from the set
and the result follows.
Lemma 2.5. For any integer t ≥ 2, there exist a connected graph G such that
Proof. We construct the graph G by taking the path graph P 3 and label its vertices as u 1 , u 2 and u 3 . Attach t − 1 pendants with u 1 and label them as u 1,i where 1 ≤ i ≤ t − 1. This completes the construction of the graph G. Take another copy of G and label the corresponding vertices with v 1 , v 2 , v 3 and v 1,i where 1 ≤ i ≤ t − 1. Define a constant function f : A 1 → A 2 which maps every vertex of A 1 to v 1 ∈ A 2 . First we prove that λ(G) = t. Consider the set {u 1 , u 3 , u 1,1 , ..., u 1,t−2 }, then the reader can easily verify that this is a locating-dominating set of cardinality t and
Next we prove that λ(F f G ) = 2t. Consider the set {u 1 , u 3 , u 1,1 , ..., u 1,t−2 , v 1 , v 3 , v 1,1 , ..., v 1,t−2 }, then the reader can easily verify that this is a locating-dominating set of F f G of cardinality 2t and hence λ(F f G ) ≤ 2t. Since f is a constant function, therefore the sets {u 1,1 , ..., u 1,t−1 } and {v 1,1 , ..., v 1,t−1 } are also disjoint twin sets of F f G each of cardinality t − 1, therefore by Proposition 2.1,
As f is a constant function, therefore by using the similar arguments as in the case of graph G, the locating-dominating set L D of F f G must contains atleast two elements from each of the sets {u 1 , u 2 , u 3 , u 1,t−1 } and {v 1 , v 2 , v 3 , v 1,t−1 } and consequently, |L D | ≥ 2t. Thus, λ(F f G ) = 2t and the result follows.
The location-domination number of functigraphs of the complete graphs
We find the location-domination number of functigraph of the complete graphs for all possible definitions of the function f . In this section, we use the following terminology for labeling the vertices of functigraph. Let G be a complete graph of order n and f : A 1 → A 2 be a function. Let v ∈ I ⊂ A 2 , then we denote the set {f −1 (v)} ⊂ A 1 by Ψ v and its cardinality by s = |Ψ v | (1 ≤ s ≤ n). If s = 1 for some v ∈ I, then we name the edge vf
The discussion has two parts, the first part discuss the cases in which F f G does not have any functi matching and in the second part F f G have at least one functi matching. For the first part of discussion, let F f G does not have any functi matching. In this case, we label the vertice of I as: I = {v 1 , v 2 , ..., v k } where the subscript index is assigned to each v according to the index of corresponding (a) (b) 
We claim that L * D contains atleast one element from exactly k − 1 sets of these two element sets. Consider u s 1 , v 1 ∈ L * D . Next we prove that one vertex from {u
for some i (2 ≤ i ≤ k) and using similar arguments we leads to a contradiction. Thus, L * D must contains atleast one element from exactly k − 1 sets of these two element sets. Consequently, |L *
For the second part of discussion, let F f G has atleast one functi matching. In this case, we label the vertices of I as: 
Proof. (i) For n = 3 and k = 2, let f :
Thus we use the labeling as described earlier for the vertices of A 1 and A 2 . Let L * D be a locating-dominating set of F * G with the minimum cardinality. The proof consists of the following claims:
We prove that all the elements of
. We claim that L * D must contains atleast one element from exactly k ′ − 1 sets of these two element sets. Consider {u
. Suppose on contrary that both u ls i and
and using the similar arguments we lead to a contradiction. Thus L * D must contains atleast one element from exactly k ′ − 1 sets of these two element sets. Consequently,
We take the assumptions that we have proved in Claim 2 that L * Proof. The result follows by Theorem 3.4 for n ≥ 4.
Location-Domination Number of Functigraph of a family of spanning subgraphs of the Complete Graphs
A vertex u ∈ V (G) is called a saturated vertex, if deg(u) = |V (G)| − 1. Since any two saturated vertices are adjacent twins, therefore the set of all saturated vertices of a graph forms a twin set represented by T s . Let e ′ ∈ E(G) be an edge that joins two saturated vertices of G, then the spanning subgraph of G which is obtained by removing the edge e ′ is denoted by G − e ′ . Similarly,
⌋) denotes a spanning subgraph of G that is obtained by removing i edges e ′ , where e ′ joins two saturated vertices of G. It may also be noted that after removing the edge e ′ , the two saturated vertices that are connected by e ′ , are converted to non-adjacent twins and hence forms a twin set of cardinality 2. The twin set obtained after removing the ith edge e ′ is denoted by T 
